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In modern forestry, attempts to mitigate negative effects on biodiversity include the integration of con-
servation actions into forestry activities, e.g. by leaving trees at harvesting. This practice has been used on
a large scale for more than two decades without solid scientiﬁc support of whether desirable effects are
achieved or not. To increase the knowledge of changes in the lichen ﬂora on retained aspen trees (Populus
tremula) with time since clear-cutting we made a study in boreal Sweden where 720 retained aspens
in 24 stands were surveyed. Twelve stands were clear-felled 0–4 years and 12 where clear-felled
10–16 years prior to the inventory. Total lichen species richness increased with time since clear-cutting,
as did richness of aspen-dependent lichens and lichens adapted to open environments. There was no dif-
ference between the age classes regarding the number of cyanolichens. We show that retained aspens
function as lifeboats for old-forest lichens and as a new habitat for lichens adapted to open, sun-exposed
habitats. Our results indicate that epiphytic species richness on retained trees is higher after the logging,
due to coexistence of remaining species and colonizing species. We suggest that the retention of old
aspen and the promotion of aspen generation in the production forest would beneﬁt epiphytic lichens
and are thus important conservation measures.
 2012 Elsevier B.V. Open access under CC BY-NC-ND license.1. Introduction
Parts of the boreal forest have been managed with high inten-
sity clear-cutting operations for over a century reshaping the land-
scape and leading to successively increased fragmentation and
structural homogenization. This is especially evident in Northern
Europe (Esseen et al., 1997), and as a consequence the forest eco-
systems and their associated fauna and ﬂora have become impov-
erished (Larsson and Thor, 2010). The traditional way of mitigating
this has been to establish reserves. A few decades ago an approach
which integrates conservation actions into daily forest operations
emerged, with retention of important structures such as living
and dead trees as core components (Gustafsson et al., 2012). Tree
retention practices (synonymous with green-tree retention, struc-
tural retention and variable retention) are based on a realization
that the few percent of protected forests are not enough to main-
tain all biodiversity, and instead suitable habitats are needed in
the production forests, i.e. the matrix (Lindenmayer and Franklin,
2002). The production landscapes need to resemble natural forests
to a greater extent and one way of achieving this is by leaving old-
growth structures during logging operations (Franklin et al., 1997).
Tree retention practices have so far mainly been associated with
clear-cutting forestry, and are today applied in North America,ström).
-NC-ND license.Europe and Australia (Gustafsson et al., 2012). Although the prac-
tices have been going on for a long time and on a large scale, little
is known about potential positive effects on biodiversity.
Tree retention has several aims. Structures left at harvest should
(1) function as lifeboats by facilitating long-term survival of spe-
cies from the previous old forest (Franklin et al., 1997), (2) contrib-
ute to a more structurally diverse environment (Franklin et al.,
1997), (3) act as stepping stones and thus increase dispersal possi-
bilities of species (Franklin et al., 1997), (4) increase the amounts of
old living trees and large dead trees in the early successional forest,
and thus be of importance to species adapted to such structures in
the initial phases following natural disturbances (Gustafsson et al.,
2010), and (5) sustain ecosystem functions like mycorrhiza forma-
tion and nitrogen retention (Gustafsson et al., 2010). Most research
on biodiversity effects of retaining trees point to positive responses
compared to traditional clear-cutting (Rosenvald and Lõhmus,
2008) although retention levels are often found to be too low to
beneﬁt many species groups (Aubry et al., 2009).
Deciduous trees are characteristic of intact boreal forest
landscapes especially in the early stages of the forest succession
(Esseen et al., 1997). One of the most common deciduous tree spe-
cies is aspen, present all around the circumpolar boreal forest belt,
in Eurasia as Populus tremula L. and in North America as Populus
tremuloides Michx. Old deciduous trees are one of the most impor-
tant habitats for red-listed species in the boreal forest (Berg et al.,
1994), and aspen is a hotspot for boreal forest biodiversity in both
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2001). Aspen has increased in frequency in recent years in Sweden
(Hellberg, 2004), mostly due to regeneration on abandoned agri-
cultural land, and a change in forest management actions from
clearing to protecting deciduous trees (Larsson and Thor, 2010).
Despite a general increase, aspen is decreasing in protected forests
in Northern Europe, and regeneration on forestland is low due to
browsing of saplings by moose and a lack of natural disturbances
such as ﬁre (Kouki et al., 2004).
Lichens are a species-rich group with more than 2400 species in
Sweden (Gärdenfors, 2010). They are symbiotic associations be-
tween a fungus and a photobiont (green algae or cyanobacteria)
that disperse sexually by fungal spores or by vegetative propagules
with both the fungus and the photobiont (Budel and Scheidegger,
2008). Many cyanolichens (lichens with cyanobacteria as the
photobiont) are described as old-growth species, sensitive to
forestry (Sillett and Neitlich, 1996), and old aspens are considered
important for their long-term survival (Gärdenfors, 2010). A
species’ colonization success depends on a combination of its life
history traits and the characteristics of the surrounding habitat
(Löbel et al., 2009). Sexually dispersed species are assumed to be
early colonizers after large-scale disturbances since spores gener-
ally have smaller size and are produced in larger numbers com-
pared to asexual propagules. However there is always a trade-off
in allocating effort to growth, reproduction and establishment
capacity (Lawrey, 1980). Three main morphological lichen groups
can be identiﬁed: crustose (ﬂat), fruticose (branched) and foliose
(leafy) (Budel and Scheidegger, 2008). Lichen studies often focus
on the ‘‘macrolichens’’ (fruticose and foliose), probably because
they are easier to identify, although they only represent a minority
of the species. This shortcut is not recommended when drawing
conclusions about lichen diversity in its totality since the unique
ecological traits of the highly diverse and functionally contrasting
crustose ‘‘microlichens’’ will become neglected (Ellis and Coppins,
2006).
Epiphytic species are suitable indicator taxa for measuring bio-
diversity response to retained trees (Rosenvald and Lõhmus, 2008),
but almost all studies have been made just a few years after log-
ging (however, see Peck and McCune, 1997; Hedenås and
Hedström, 2007; Lõhmus and Lõhmus, 2010). The reported effect
of aspen retention on associated lichens varies depending on the
lichen species in question. Peck and McCune (1997) found a posi-
tive effect of retention on cyanolichens but a negative effect on
alectorioid and green algal-liches, Hazell and Gustafsson (1999)
found positive effects on one cyanolichen and Hedenås and Ericson
(2003) found varying responses of selective cutting; three cyanoli-
chens was less negatively affected by the treatment compared to
two crustose lichens. There are no studies on how the composition
of the whole lichen community (micro- and macrolichens) on as-
pen changes after harvest. The epiphytic community on a host tree
changes with the development of the host and its surrounding hab-
itat (Yarranton, 1972; Ruchty et al., 2001). However the intermedi-
ate disturbance hypothesis (Connell, 1978) predicts that species
diversity is highest at an intermediate time since a disturbance
of intermediate intensity and frequency, due to coexistence of
early and late colonizers. This development is a reasonable hypoth-
esis also for epiphytic lichens on aspen.
We performed the ﬁrst study on the total lichen ﬂora (macro-
and microlichens) on aspen in the boreal zone and how it changes
after a clear-cutting disturbance. Retained aspen trees in two age
classes of regenerating forest was surveyed. The age classes
‘‘clearcut’’ and ‘‘young forest’’ was harvested 0–4 years or 10–
16 years prior to the study. Extinction of epiphytic lichens is slow
after logging (Rosenvald and Lõhmus, 2008; Perhans et al., 2009)
and thus we assumed that aspens surveyed on clearcuts reﬂect
the species composition of the harvested forest. Tree retentionhas only been practiced large-scale for 15–20 years in Northern
Europe, thus the choice of time span.
We addressed ﬁve questions: (1) Is species richness higher on
trees exposed for 10–16 years than on trees exposed for 0–4 years,
as predicted from the intermediate disturbance hypothesis? (2)
Are red-listed species more common on aspens exposed for
0–4 years, as expected based on conservation strategies which
stress the importance of aspens in old-growth forests for lichen
preservation? (3) Do sensitivity to light, photobiont and dispersal
mode of species differ between clearcuts and young forests? We
expected an increase in lichens adapted to open environments
and a decrease in lichens sensitive to light, a decrease in cyanoli-
chens since many of them are reported as old-growth specialists,
and an increase in spore-dispersed species since they are consid-
ered easily dispersed; (4) Are there species characteristic of clear-
cuts and young forests, respectively? We expected to identify such
species due to assumed differences in life history traits and species
ecology; and (5) How large is the regional species pool of lichens
growing on aspen, and how many species are found on the 720
aspens surveyed here? A total pool of about 90 lichen species has
been estimated for boreal Sweden (Gustafsson and Ahlén, 1996),
and since our study area was conﬁned to a limited part of the
region, we predicted a somewhat lower number. Due to the large
number of trees, our forecast was that a substantial part of the
species pool should be included in our sample.2. Materials and methods
2.1. Study area
The study was conducted in an area including the eastern part
of Jämtland and western part of Västernorrland counties (Fig. 1)
in central Sweden, in the middle and Northern boreal zones (Ahti
et al., 1968). The western part of Jämtland was omitted since it
has a distinct humid climate and an oceanic lichen ﬂora (Ahlner,
1948). Estimated mean precipitation in the area is 600–800 mm/
year whereof 30–40% is as snow. The average temperature in
January ranges from 10 C to 8 C and in July from 13 C to
15 C (Raab and Vedin, 1995).2.2. Sampling of stands, aspens and lichens
Within the study area, all suitable stands on land owned by the
forest company SCA were visited in the ﬁeld. A suitable stand was
clear-felled 0–4 or 10–16 years earlier, and had at least 30 retained,
living aspens (diameter at breast height >10 cm). Twenty stands
that fulﬁlled these criteria were found, with an additional four
stands on private land, and leading to a total of 12 stands in each
age-class (Table 1). A clearcut (0–4 years) was characterized by
an open stand with both solitary and aggregated retention trees.
The young forest (10–16 years) had larger variation in vegetation
height, but the average tree height was still considerably lower
than in an old forest. Thirty aspens were selected in each stand
as follows: a starting point was randomly placed at one corner of
the stand (15 m from each edge), and from that point adjoining
transects were laid at right angle to the longer side of the stand
(15 m from the edge). The ﬁrst 30 aspens with a minimum inter-
tree distance of 5 m within a transect were selected, working from
the transect centerline and outwards to the edge (Fig. 2). Only trees
that with certainty had been retained at ﬁnal harvest, i.e. not such
that possibly had regenerated after harvest, were selected. If two or
more trees were at the same distance from the centerline, a dice
determined the selection. Diameter at breast height and presence
of all lichen species on the stem from the base and up to 2 m were
recorded. The inventory was carried out in the summer and
Fig. 1. Location of the study area in Sweden. Magniﬁed area shows the location of the 24 stands. (d) clearcut (0–4 years since clear felling); (h) young forest (10–16 years
since clear felling).
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rapha were not determined to the species level and for 20 taxa the
species identiﬁcation was uncertain (see Appendix). Species difﬁ-
cult to determine in the ﬁeld were collected for identiﬁcation un-
der light microscope and with spot tests using chemical reagentsTable 1
Species number and stand characteristics of the 12 clearcuts and 12 young forests. Numb
Stand
number
Name Number of
lichen species
Aspen-
dependent
lichensa
Spore
dispersed
lichensb
Lichen
cyano
photo
1 Bodmyren 38 26 22 9
2 Hällﬂobrännan 33 20 21 10
3 Krogberget 50 28 30 12
4 Maskvägen 36 16 18 6
5 Ledﬂon 41 15 20 8
6 Hällnäset 46 16 18 8
7 Lillgravsberget 62 19 26 13
8 Storgravberget 26 14 15 11
9 Bockåsen 45 20 16 10
10 Torråstjärn 73 23 33 14
11 Holkåsen 43 20 20 12
12 Bodsjöberget 68 24 38 14
Clearcut 131 47 75 22
13 Nyﬂohöjden 75 32 42 18
14 Bjurtjärnvägen 51 20 22 6
15 Vildgetmyran 87 29 38 15
16 Måckelhällsjö 76 36 44 14
17 Flakalon 58 23 30 11
18 Mörtsjöstapeln 105 37 55 22
19 Björnåsen 86 40 45 12
20 Storﬂotjärn 64 24 34 14
21 Kulla 69 31 42 16
22 Dockmyran 53 31 31 9
23 Sönnerbodarna 78 34 45 12
24 Kråktorpet 112 43 63 15
Young forest 182 63 115 30
a
Based on the lichens’ main substrate, if that is only aspen, or in some cases aspen and
b
Lichens with spores as main dispersal mode.
c
Lichens with fruticose or foliose growth form.and UV-light. All Bryoria species and all Lepraria species except L.
lobiﬁcans and L. jackii were treated collectively. Small specimens
of the genera Cladonia and Usnea were treated as Cladonia spp.
and Usnea spp. respectively.Micarea prasinamight includeM. byss-
acea and M. micrococca. Collema occultatum var. occultatum anders refers to those shown in Fig. 1.
s with
bacteria as
biont
Macrolichensc Area
(ha)
Clear-
felled
Mean diameter (cm) of
the inventoried aspens
12 34 2005 33
9 9 2007 32
16 7 2006 36
12 5 2007 33
18 10 2007 39
17 21 2007 31
24 19 2009 25
10 17 2006 33
17 5.8 2006 47
26 13 2006 40
16 29 2009 51
21 4.5 2009 27
42 164 36
25 10 1993 63
24 14 1995 35
34 10 1998 33
29 24 1995 46
19 10 1999 41
41 28 1995 48
33 51 1997 44
29 17 1994 46
28 8 1999 44
22 14 1998 32
25 19 1995 44
33 10 1995 32
57 215 42
Salix, the species is considered aspen-dependent.
Fig. 2. Sampling of aspens. Trees were selected within 10 m wide adjoining
transects. The distance 15 m to the edge was only applied if the stand was
bordering a forest higher than 10 m when the stand was clear-felled.
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they differ in morphology, ecology and distribution. The nomencla-
ture follows Santesson et al. (2004) except for Bacidia rosellizans
that follows Ekman (2009), Caloplaca pyracea that follow Arup
(2009), Biatora globulosa and B. pallens that follows Printzen and
Otte (2005) and the genus Stictis that follows Wedin et al. (2006).
2.3. Lichen categories
Information for each species regarding aspen-dependency (if a
species’ main substrate is aspen, or in some cases aspen and Salix
spp., the species was classiﬁed as aspen-dependent), dispersal
mode, photobiont, growth form, and categorization as red-listed
or signal species (indicator species for sites with high a conserva-
tion value; Nitare 2000) were recorded using Moberg and Holmå-
asen (1982); Krog et al. (1994); Wirth (1995); Foucard (2001);
Wedin et al. (2006); Gärdenfors (2010) and F. Jonsson’s expertise.
2.4. Statistical analyses
2.4.1. Species richness
A generalized linear mixed model (GLMM) was used to analyze
differences in species richness between trees that had been
exposed for 0–4 years and 10–16 years, with stand and tree as
random factors. Stand was considered as a random factor since
we assumed that trees on the same clearcut or in the same young
forest were more similar. Tree was considered as a random factor
to capture unexplained variation that caused over-dispersion.
Using observation-level random effects is a recommended way to
deal with overdispersed Poisson GLMM (Breslow, 1990). Since
species richness is a set of count data, the error has a Poisson
distribution, and we used a log-link function. The response vari-
ables: species richness of aspen-dependent lichens, cyanolichens,
spore-dispersed lichens, lichens sensitive to light and lichens
adapted to open environments were also analyzed with the same
model. Four environmental variables were used as covariates:
stand area (ha), aspen diameter (cm), latitude and longitude.
Interactions between each covariate and age-class were included
in the full model. Subtracting the mean and dividing with the
standard deviation standardized all variables.To get an estimate of how well the models explained the data,
we used an information-theoretic approach based on likelihood
measures, in our case the Akaike information criterion (AIC;
Akaike, 1974), and to correct for small sample sizes we used AICc.
Several models were similar regarding their AICc value, making it
difﬁcult to select the best model. Consequently, to handle the prob-
lem with model selection uncertainty, we used model averaging
(Burnham and Anderson, 2002) where all models withinDAICc 6 4
were weighted. This Akaike weight can be interpreted as the prob-
ability that a model is the best among the candidate models. Each
variable included in at least one of the models got an average
parameter estimate, based only on the models within DAICc 6 4
where the parameter was present, with a conﬁdence interval and
a relative importance. The relative variable importance is the prob-
ability that a variable will appear in the best model, and is based on
the models’ Akakie weights (Whittingham et al., 2006). The analy-
ses were conducted in the statistical software R v.2.12.1 (R Devel-
opment Core Team, 2010) using the lme4 package (Bates et al.,
2011) for the full model and the MuMIn package (Barton, 2012)
for model averaging.
2.4.2. Indicator species analysis
We used indicator species analysis (ISA) to identify characteris-
tic species of the age classes. ISA is based on a method by Dufrêne
and Legendre (1997) that combine information on how often a
species is present in a group and how unique it is to that group.
A perfect indicator is always and only present in one group. Statis-
tical signiﬁcance is tested through Monte Carlo randomizations
(McCune et al., 2002). PC-ORD version 5.31 (McCune and Mefford,
2006) was used for the analysis.
2.4.3. Regional species pool
Rarefaction curves based on trees as samples (Gotelli and
Colwell, 2001), and estimators of total species richness (Magurran,
2004) were used to assess the size of the regional species pool. We
used three non-parametric estimators since they are less sensitive
to the underlying shape of the species-abundance distribution than
parametric estimators (Magurran, 2004), (1) Chao 2 (Chao, 1984).
(2) Jackknife 2 (Smith and van Belle, 1984), (3) Bootstrapping
(Smith and van Belle, 1984). Calculations were made in EstimateS
(Colwell, 2005).3. Results
3.1. Species richness
We found 195 species in total, 131 on trees exposed for
0–4 years and 182 on trees exposed for 10–16 years. The mean
number of species per tree was 9 on trees exposed for 0–4 years
(range: 2–36) and 15 on trees exposed for 10–16 years (range:
2–47). More than 30% of the species were found on less than four
trees (45% on trees exposed for 0–4 years and 36% on trees exposed
for 10–16 years). Eleven red-listed lichen species were found; six
near threatened (NT), three vulnerable (VU) and one endangered
(EN) on clearcuts; six NT, two VU and one EN in young forests.
The most common red-listed species were Lobaria pulmonaria
which was found in all stands, Lecanora impudens found on 11
clearcuts and in all 12 young forests, and Collema furfuraceum
found on 11 clearcuts and in 11 young forests (Appendix). Of the
aspen-dependent lichens 72% were spore-dispersed (63% of all li-
chens), and 11% had cyanobacteria as photobiont (11% of all
lichens).
Tree diameter and stand area did not differ between clearcuts
and young forests (t-test: p = 0.06 and p = 0.46, respectively). The
GLMM models showed a higher species richness on trees exposed
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There was also a geographical difference in species richness, with
more species towards the south and the east (Table 2). Aspens ex-
posed for 10–16 years had a higher number of aspen-dependent li-
chens, spore-dispersed lichens, lichens adapted to open
environments and lichens sensitive to light, but the number of
cyanolichens did not differ. The number of aspen-dependent li-
chens increased with tree diameter, stand area and towards the
east. The number of cyanolichens also increased with diameter
(Table 2). The number of records of red-listed lichens was too
low to allow statistical testing.3.2. Indicator species analysis
In the ISA only one species, Lecidea albofuscescens (p = 0.008),
was characteristic for clearcuts. Almost 40 species were character-
istic of young forest; among them Caloplaca cerina, C. holocarpa, C.
jemtlandica, Lecanora circumborealis, L. hagenii, Melanelia olivacea
and Parmeliopsis ambigua, all with p-values <0.001 (Appendix).3.3. Regional species pool
The estimated total species richness within the whole study
area varied among the estimators. Jackknife 2 estimated a total
species pool of 249.9, Chao 2 of 230.0 and Bootstrapping of
211.5, and the mean from all three estimators was 230.4. The
195 species found therefore represent 85% of the mean estimated
size of the regional species pool. From the rarefaction curve the
number of trees required to capture a certain proportion of species
can be estimated. If, for example, 75% of the total lichen species
pool were to be captured 384 aspen trees are needed, or if 50%
were to be captured 81 trees are needed in the study area.4. Discussion
Our study clearly shows that lichen species richness increases
with time since clear-cutting on aspen trees retained during log-
ging. Many species associated with old forest persist, while new
species adapted to open environments colonize. In the light of this,
we conclude that retention trees both function as lifeboats for
existing species, and provide an early-successional habitat for col-
onizing species.4.1. Species richness
There are several possible reasons for the higher species rich-
ness in young forest compared to clearcuts (i.e. old forest, since
we assumed that species composition on the clear-cut reﬂects
the species composition in the old forest) relating to the positive
link between environmental heterogeneity and species richness
(Ellis, 2012). The stem of a retained tree is exposed to large micro-
climatic changes and becomes a more diverse habitat than before
logging; the south side is exposed to sunlight, while the north side
is shadier. The environment on a clearcut is overall windier, drier
and the temperature variation is higher than that inside a forest
(Chen et al., 1999). Stem shape may also be altered due to in-
creased wind and destabilization of the root system at clear-cut-
ting and scariﬁcation, and we observed that several trees in the
young forest were leaning. Most probably structural heterogeneity
is larger on the stem of a leaning tree, and the variation in bark pH
between upper and lower side is large due to differences in basic
run-off water (i.e. a drip zone effect). Some lichens may establish
on the more rain-exposed and therefore more acidic upper side;
one example is Hypogymnia physodes which we found only on 28aspens on clearcuts but on 105 aspens in the young forest, and
there mainly on leaning trees (F. Jonsson, personal observation).
It is known that epiphytes shift their vertical positions upwards
with time (McCune, 1993; Sillett and Neitlich, 1996) and conse-
quently there might be a source of propagules from light-demand-
ing species that can shift their vertical position downwards after
clear-cutting when light and moist conditions change. The result
of increasing species richness with time is also in line with what
can be expected from knowledge about natural disturbance
dynamics; aspen is a pioneer species promoted by ﬁre disturbance,
resembling conditions after logging. Thus, many aspen-associated
species are evolutionary adapted to exposed trees. Aspen-depen-
dent species, i.e. those that have aspen as their main substrate, in-
creased with time since clear-cutting but also with increasing
diameter of the host tree. Since there is a strong positive correla-
tion between diameter and age of aspens (Hedenås and Ericson,
2000) this indicates that old aspens are important for many as-
pen-dependent lichens, probably because an older tree has had
time to develop a suitable habitat and species have had a longer
time to colonize. There is no shortage of available area on the
stems (i.e. the habitat is unsaturated); therefore it is less likely to
be an effect of competition for space. Another explanation could
be development of smooth bark due to increased tree growth-rate
of retained trees after logging, thus an effect of increased habitat
heterogeneity. Smooth bark in combination with much sunlight
resemble the habitat of young aspen trees and crowns, and we
found species normally occurring on such substrates on large re-
tained aspens in the young forest (F. Jonsson, personal
observation).
4.2. Life history traits and species ecology
Based on literature and ﬁeld expert knowledge we a priori clas-
siﬁed lichens sensitive to light (and associated climatic conditions
like drought) and lichens promoted by open habitats, and both
groups increased in number with time. This may seem contradic-
tory but for some species it may be explained by a delayed re-
sponse, i.e. a time-lag between an environmental change and
extinction. Some species sensitive to light, e.g. Mycobilimbia carne-
oalbida and M. epixanthoides still survived on the north side of the
stem in young forests, although often in a worse state and in smal-
ler populations (F. Jonsson, personal observation, see also Hedenås
and Hedström 2007). The increase could be due to an overestima-
tion of the sensitivity of some lichens to the disturbance caused by
logging operations. Old, large solitary aspens have been almost
non-existing in young production forests regenerating after clear-
cutting, introduced in the 1950s. The recent applications of reten-
tion approaches have restored trees in such an environment, and
consequently it is a habitat with associated species communities,
including light- and drought-sensitive species, unknown to most
lichenologists.
The total number of cyanolichens did not differ between the
two age classes. Leptogium teretiusculum was much more common
in the young forest and Arctomia delicatula, Collema occultatum var.
populinum, Leptochidium albociliatum, L. subtile, Peltigera didactyla
and Peltigera membranacea were only found in this age class. Coll-
ema nigrescens and Parmeliella triptophylla on the other hand were
more common on the clearcuts. There are different opinions
regarding cyanolichens and their ability to cope with disturbances.
According to Hedenås and Hedström (2007) and also Coxson and
Stevenson (2005) cyanolichens should be more tolerant to changes
in microclimate following a disturbance such as logging, while
Richardson and Cameron (2004) found that cyanolichens were sen-
sitive to disturbance. In one study two crustose green-algae lichens
were less common on retained trees than on trees in old forest,
while three cyanolichens showed an opposite pattern (Hedenås
Table 2
(a–f): Results frommodel averaging analyses. (a) All lichen species, (b) aspen-dependent lichens (c) lichens sensitive to sun exposure, (d) cyanolichens, (e) lichens adapted to open
environments, (f) lichens dispersed by spores. The contrasting group for ‘‘Age class’’ is clearcut (aspens exposed for 0–4 years). Important variables (marked in bold) are indicated
by the variable being relatively important i.e. that the variable is present in many of the weighted models, and that the conﬁdence interval does not include zero.
Estimate Lover CI Upper CI Relative variable importance
(a) Total species richness
(Intercept) 2.56 2.43 2.70
Age class 0.40 0.59 0.20 1.00
Area 0.09 -0.02 0.19 0.66
Diameter 0.03 -0.02 0.07 0.44
Latitude 0.17 0.31 0.03 1.00
Longitude 0.12 0.00 0.24 1.00
Age class x area 0.07 0.26 0.13 0.17
Age class x diameter 0.02 0.10 0.06 0.07
Age class x latitude 0.07 0.18 0.31 0.26
Age class x longitude 0.21 0.04 0.45 0.59
(b) Aspen dependent lichens
(Intercept) 2.14 2.01 2.26
Age class 0.20 0.37 0.04 1.00
Area 0.10 0.00 0.20 0.84
Diameter 0.11 0.05 0.16 1.00
Latitude 0.09 0.22 0.04 0.69
Longitude 0.12 0.02 0.21 1.00
Age class x area 0.12 0.28 0.04 0.42
Age class x diameter 0.07 0.14 0.00 0.82
Age class x latitude 0.06 0.15 0.28 0.19
Age class x longitude 0.14 0.07 0.35 0.47
(c) Lichens sensitive to sun exposure
(Intercept) 2.10 1.98 2.22
Age class 0.29 0.48 0.12 1.00
Area 0.05 0.04 0.13 0.40
Diameter 0.03 0.03 0.09 0.58
Latitude 0.19 0.30 0.07 1.00
Longitude 0.08 0.02 0.18 0.94
Age class x area 0.02 0.20 0.15 0.07
Age class x diameter 0.04 0.05 0.14 0.17
Age class x latitude 0.05 0.15 0.27 0.27
Age class x longitude 0.17 0.06 0.38 0.48
(d) Cyanolichens
(Intercept) 0.65 0.49 0.81
Age class 0.12 0.35 0.12 0.74
Area 0.10 0.05 0.24 0.52
Diameter 0.24 0.15 0.34 1.00
Latitude 0.09 0.27 0.10 0.42
Longitude 0.06 0.06 0.18 0.40
Age class x area 0.20 0.43 0.02 0.26
Age class x diameter 0.10 0.23 0.03 0.39
Age class x latitude 0.17 0.08 0.42 0.13
Age class x longitude 0.05 0.24 0.34 0.05
(e) Lichens adapted to open environment
(Intercept) 2.00 1.75 2.26
Age class 0.74 1.11 0.38 1.00
Area 0.16 0.04 0.36 0.66
Diameter 0.01 0.11 0.09 0.51
Latitude 0.18 0.41 0.04 0.72
Longitude 0.21 0.00 0.42 1.00
Age class x area 0.16 0.53 0.21 0.21
Age class x diameter 0.10 0.24 0.03 0.26
Age class x latitude 0.05 0.36 0.45 0.16
Age class x longitude 0.38 0.09 0.84 0.55
(f) Lichens dispersed by spores
(Intercept) 1.91 1.75 2.07
Age class 0.40 0.63 0.17 1.00
Area 0.11 0.02 0.23 0.69
Diameter 0.04 0.01 0.09 0.62
Latitude 0.16 0.36 0.05 0.77
Longitude 0.13 0.01 0.25 0.93
Age class x area 0.10 0.31 0.12 0.23
Age class x diameter 0.05 0.13 0.03 0.25
Age class x latitude 0.17 0.11 0.45 0.34
Age class x longitude 0.14 0.14 0.42 0.34
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results regarding cyanolichens is that they can cope with logging
disturbance quite well, at least for 10–16 years. This could haveseveral possible explanations: (1) clear-felling does not affect the
cyanolichen community; epiphytic cyanolichens are quite distur-
bance-resistant and only need their host tree (2) there might be
J. Lundström et al. / Forest Ecology and Management 293 (2013) 49–56 55a time-lag in their response or (3) truly disturbance-sensitive
cyanolichens have gone extinct already from the old forest or prior
to the inventory.
Spore-dispersed lichens were more numerous in the young
forest, as we expected. Since spores generally are smaller and are
produced in larger numbers compared to asexual propagules
spore-dispersed lichens are less likely to be dispersal-limited and
therefore can be considered as early colonizers (Bartels and Chen,
2012; Ellis, 2012). The retained aspen might also be easier to
colonize by wind dispersed spores simply because the surrounding
forest that previously could have been a physical obstacle to
dispersal now is removed.
4.3. Indicator species analysis
In the ISA we found 36 species to be characteristic of young
forest. From information on lichen species ecology in the literature
and our own ﬁeld experience, we propose that Caloplaca cerina,
C. ﬂavorubescens, C. holocarpa, C. jemtlandica, Leptogium saturninum,
Melanelia exasperata, Phaeophyscia ciliata, Physcia aipolia, P. tenella,
Rinodina septentrionalis and Xanthoria parietina, all aspen special-
ists, were present in the old forest, but then higher up or in the
crown, and had after logging migrated downwards. On the other
hand, the generalist species Bryoria spp., Catinaria atropurpurea,
Cladonia coniocraea, C. ﬁmbriata, Hypogymnia physodes, Lecanora
expallens, L. circumborealis, L. pulicaris, L. symmicta, Lecidea nylan-
deri, Ochrolechia androgyna, Parmeliopsis ambigua, P. hyperopta,
Tuckermanopsis chlorophylla, Usnea spp. and Vulpicida pinastri are
probably new on the aspens, but could have existed in the forest
on other tree species. Lecidea albofuscesens was the only species
that indicated clearcuts, i.e. old forest. This species is known to
grow in shady and moist environments (F. Jonsson, personal
observation), and is evidently sensitive to the exposure after
logging (see Appendix for more details).
4.4. Regional species pool
We found 195 species, which was more than twice as much as
we expected based on earlier reports. Another published study on
the complete lichen ﬂora (foliose, fruticose and crustose species)
on aspens trees was performed by Ellis and Coppins (2007) who
found 273 species in 93 aspen stands in Scotland. Although the
importance of aspen for lichen biodiversity has been emphasized
earlier (e.g. Kuusinen 1996; Kouki et al., 2004), our study clearly
demonstrates the great diversity of the lichen community con-
nected to aspen in boreal Northern Europe. Despite the high
number of recorded species (85% of the regional species pool),
new species should have been added successively with increasing
sampling effort, and among these very likely a number of rare,
red-listed ones. On the Red List for the counties of Västernorrland
and Jämtland, where the study was conducted, there are 30 lichen
species that could grow on aspen (Gärdenfors, 2010), i.e. 19 more
than we found in our study.
4.5. Conclusions for practice
Aspens retained at harvest have a great potential to enrich
future forest landscapes and to contribute to the persistence of
biodiversity connected to this habitat. We found red-listed lichen
species also in the young forest, and the total species richness
was even higher on the aspens exposed for 10–16 years. This indi-
cates that opening up of stands with aspens could be a positive
conservation management action, for instance in connection with
thinnings, but also in protected forests. We recommend a buffer
zone without conifer seedlings around retained aspens on clear-
cuts since planted stands tend to become dense. Lichen speciesconnected to aspen depend on different stages of succession and
consequently, to promote such lichens and other organisms
favored by aspen trees, a landscape should consist of forests of
different ages with a continuous aspen regeneration.
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